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Abstract
Fourier-transform infrared (FTIR) spectroscopy is considered to be a comprehensive and sensitive method 
to characterize the chemical composition and for detection of molecular changes in different samples. In this 
study, FTIRspectroscopy  was employed as an rapid and low-cost technique in order to characterize the FTIR 
spectra and identify appropriate spectral regions for dairy product fermented by a lactic culture consisting by 
species of Lactococcus lactis and Leuconostoc mesenteroides. A second objective was to monitore the key chemical 
compounds (lactose, lactic acid, flavors) during fermentation and refrigerated storage (1-21 days, at 4-6°C). By 
FT-IR fingerprint during fermentation we identified changes of the spectra pattern with specific increasing or 
decreasing peaks for lactose, lactic acid, esters, aromatic compounds, aminoacids, fatty acids. Also the technique 
was able to identify chemical compounds involved in the microbial activity such as phosphates and phosphorylated 
carbohydrates during fermentation and dairy product shelf-life. All the major chemical compounds recorded 
significant increaments during fermentation and refrigerated storage comparing with the raw milk.
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INTRODUCTION
One of the important basic indicators for the 
quality of milk and dairy products is its shelf life 
that represents an answer to the classic and simple 
question: How long is a product maintaining 
its basic sensory properties, e.g. how long can a 
product be stored? (Jasmina L. Havranek, Mirza 
Hadžiosmanović, 1996).
The shelf life of dairy products, including 
pasteurized milk, cottage cheese, and some 
types of yogurt and fermented milk products, is 
generally limited to 1 to 3 week (Salvador and 
Fiszman 2004), depending upon the quality of the 
raw ingredients, processing conditions, and post 
processing handling. Their quality (including here 
the shelf-life) should be seen in connection with 
the highest satisfaction of consumer’s requests. 
When dealing with dairy foods, sensory quality 
is always involved on some level. The best raw 
ingredients make the best finished products so 
sensory quality is a critical aspect of dried dairy 
ingredients and fluid milk. Sensory perception is 
one of the keys to the widespread flavorful and 
wholesome image that dairy foods continue to 
enjoy with the consumer (Drake, 2007).
Some of the current analytical methods for 
milk and milk products are slow, laborious, and 
therefore difficult to be used in routine milk 
screening by the dairy industry. The ideal method 
for replacing these labor-intensive processes 
would involve minimum sample preparation, 
direct analyses of samples (without reagents), 
rapidity, automation and low-cost (Santos et al., 
2010).  Fourier transform infrared spectroscopy 
(FT-IR) is a powerful technique for characterizing 
the chemical composition of very complex samples. 
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The spectrometry spectrum of any compound is 
known to give a unique “fingerprint”. One of the 
strengths of FT-IR spectroscopy is its ability, as an 
analytical technique, to obtain spectra from a very 
wide range of different compounds. The infrared 
region of the electromagnetic spectrum extends 
from the visible to the microwave. Infrared 
radiation originates from a thermal emission 
from a hot source. It is conventionally specified 
by the ‘‘wave number’’, i.e. the number of waves 
per centimeter (denoted by ‘‘n’’ and expressed 
by the unit cm_1), extending from 10,000 to 10 
cm_1(Santos, 2010).
FTIR is an analytical chemical technique used 
to study molecular structure, however when it 
is applied to fermentation culture medium, the 
resulting spectra reflect the total biochemical 
composition of the culture medium. The use of 
FTIR spectroscopy for the analysis of aqueous 
process systems has been limited primarily by the 
broad intense absorption bands of water, which 
obscure the infrared (IR) spectra of analytes. The 
attenuated total reflectance (ATR) technique gives 
a fairly general solution to the problem of strong 
water absorption. ATR-based FTIR spectroscopic 
sensors appear promising for the noninvasive 
quantification of reactants and products in 
complex systems such as fermentation broths 
(Sakhamuri, S. et al., 2004).
FT-IR is a method based on the measurement of 
the modes of vibration of a molecule that is excited 
by radiation in the infrared region producing 
a spectrum which represents a ‘‘fingerprint’’ 
characteristic of any chemical/biochemical sub-
stance. The fingerprint results from the stret-
ching, contracting and bending vibrations of 
molecular bonds or functional groups present 
in proteins, nucleic acids, lipids, sugars, and 
lipopolysaccharides, because there is a correlation 
between IR-band position and chemical structures 
in the molecule (Davis et al., 2010).
The main objectives of this research were 
to (1) characterize the FTIR spectra and identify 
appropriate spectral regions for dairy product 
fermented by a lactic culture consisting by 
species of Lactococcus lactis and Leuconostoc 
mesenteroides and to (2) monitored the major 
chemical compounds (lactose, lactic acid, flavors) 
during fermentation and refrigerated storage (1-
21 days, at 4-6°C).
MATERIALS AND METHODS
Inoculum preparation
The microorganisms used to form the 
inoculum were represented by a bacterial starter 
culture and a yeast culture (both freeze-dried 
powders and Direct Vat Set and were provided 
by Chr. Hansen).  We used a mesophilic bacterial 
culture FD-DVS CHN-22 of Lactococcus lactis 
(ssp.cremoris, ssp. lactis and ssp lactis biovar 
diacetylactis), Leuconostoc mesenteroides subsp. 
Cremoris containing 1010 colony forming units per 
mL (cfu/mL).  The yeast culture consisted on 1010 
cfu/ml Debaryomyces hansenii kefir yeasts LAF 3. 
The density of microorganisms was determined 
by direct counting in the Thoma Chamber.
Manufacture and storage of dairy product
In the pilot plant of the University of Agricul-
tural Sciences and Veterinary Medicine Cluj-
Napoca, Romania, 1.8% skimmed, pasteurized 
cow milk (1 L) was cooled at 30°C. The volumetric 
ratio, expressed in mL, between milk and 
microorganisms, milk/mesophilic lactic culture/
kefir yeast was 1000:1:2. After inoculation, 
the manufacturing process operations were: 
incubation at 29-30°C for 12 hr, pre-cooling at 
18-20°C for 1hr, cooling again at 4-6°C for 10 hr. 
The product was stored up to 21 days at 0-4°C. 
Three replications of all batches and samples were 
performed.
FTIR characterization
The FTIR spectra using Attenuated 
Transmission (HATR) and an internal reflection 
accessory made of Composite Zinc Selenide 
(ZnSe) and Diamond crystals were obtained 
with Schimatzu IR Prestige- 21 equipment. Each 
spectrum was registered from 4000 to 500 cm-
1. The measurements were made directly in 
the fermented products and in the raw milk. 
Each spectrum was composed of an average of 
128 separate scans. The measuring time was 
approximately 9 minutes per sample (n=3), 
depend ing on the number of scans per spectrum. 
Accordingly, as the average number of scans 
increased, the measuring time increased. Both the 
spectra and the graphical representation of the 
typical frequencies were performed through the 
Origin MFC Application by Microcal Software Inc.
RESULTS AND DISCUSSIONS
Specific fingerprints for dairy product during 
shelf-life at refrigerated storage were obtained, as 
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seen in figure 1.  The general spectra of analyzed 
samples show four representative areas: 900-1200 
cm-1, 1200-1500 cm-1, 1500-1800 cm-1 and 2800-
3000 cm-1. Despite some apparent similarities, the 
spectra obtained for each analyzed samples are 
unique and characterized by specific differences 
that make it possible to compare results.
The vibrational characteristics of mono- and 
polysaccharides generally dominate the region 
between 1200 and 900 cm-1 because of the C-O 
stretch bonds related to sugar (Sakhamuri et al., 
2004). According Naumann, 2000, this region 
of frequencies is dominated by ring vibrations 
of carbohydrates C-O-C, C-O. Lactose have a 
characteristic peak at 1159 cm-1 (Nicolau et al., 
2010), while glucose (1035 cm-1) was found only 
in unfermented milk. The peak at 976 cm-1 was 
attributed to P=O phosphate.
Phosphorylated carbohydrates have 
characteristic frequency between 1100-1300 cm-1 
with a major peak at 1120 cm-1 (Sakhamuri et al., 
2004).
The region between 1700 and 1500 cm-1 is 
dominated by protein bands, while the range 
1450 to 1200 cm-1 denote carboxylic groups of 
proteins (Sakhamuri, S., et al., 2004). According to 
Beekes M. et al., 2007, there are nine amide bands 
in the IR spectrum. The amide I mode represents 
C=O stretching vibration of the amide groups and 
occurs in the region beteween 1600-1700 cm-1. 
Representative peaks were found at 1637, 1655, 
1675 cm-1  for amide I band, while at 1548, 1558 
cm-1 were attributed to amide II band. 
By analyzing the fingerprints, the comparative 
representations of the most important compounds 
from milk and dairy product, in the main IR 
absorption regions (600- 3000 cm-1) at different 
fermentations times (0, 12h, 24h, 7days, 14 days 
and 21 days) were represented in figures 2 and 3.
Inside the region between 1500- 1600 cm-1, 
we found a stretching vibration characteristic 
for lactic acid (lactate ion) with a representative 
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Fig. 1. Specific fingerprints for dairy 
product at 1st day (a) and 14th days (b) of 
refrigerated storage
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Fig. 2. Comparative representation of the 
major chemical compounds in skimmed milk 
and dairy product during shelf-life 
(1, 7, 14 and 21 days)
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Fig. 3. Comparative representation of the 
major chemical compounds in skimmed milk 
and fermented milk at 12h after inoculation
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peak at 1574, cm-1  This result is consisting with 
Sakhamuri S, et al., 2004 and Mazerolles et al., 
2001.
Figure 3 shows the evolution of the compounds 
in the dairy product after 12 h of inoculation by 
comparison to their levels in the raw milk. Raw milk 
has higher levels of phosphates, which decrease 
in the fermented product as a result of microbial 
activity; another proof of the activity of microbial 
metabolism during fermentation is the climb in 
the amount of phosphorilated carbohydrates in 
the dairy product at the end of storage period.
By comparison to the raw milk (fig. 2), the 
dairy product displays the presence of lactic acid, 
esters, flavors, and fatty acids, which are specific 
compounds of this category of milk products, and 
which render it as functional. The presence of 
fatty acids has a direct effect on the development 
of typical flavors. As we expected, it was an 
increament of lactic acid during fermentation 
(12h) and refrigerated storage of the dairy 
product. All of this chemical compounds showed a 
decreament in their concentration for the 21th day 
of storage.
Rodriguez-Saona et al., 2006, citing Dufour 
et al., 2006, reported that the triacylglycerols 
ester linkage -C-O has a characteristic absorbance 
around of 1175 cm-1, while around of 1740-
1750 cm-1, C=O stretching vibrations of the ester 
functional groups were observed (Naumann, D., 
2000).
A characteristic peak was observed in all 
analyzed sample around 1400 cm-1. According 
Naumann, D., 2000, this absorbance may be 
attributed to the symmetric stretching vibrations 
of –COO_ functional groups of aminoacid side 
chains or free fatty acids. Also, Sakhamuri et al., 
2004, reported that the functional group C-O has 
a vibration mode by symmetric stretching at 1414 
cm-1 and could be assign to the –COO-  functional 
group. 
Inside the zone between 1650-1700 cm-1 
we identify the characteristic peaks for aromatic 
compounds ( C=C stretches). The spectral region 
between 2850 and 3000 cm-1 is dominated by 
–CH
3
, >CH
2 
and >CH-stretching vibrations of 
groups usually present in fatty acid components 
(Sakhamuri et al., 2004, Nicolau et al., 2010, 
Naumann, D., 2000).
According a large number of authors, 
Boelrijk et al., 2003; McGorrin, 2001; Tamime 
and Robinson, 1999, the differences in the flavor 
compounds of yogurt versus milk are most likely 
generated by the metabolism of the lactic acid 
bacteria. These aroma compounds result from 
microbial, enzymatic, or chemical transformations 
of lactose, lipids, citric acid, and proteins/amino 
acids present in milk. One major pathway for 
the production of flavor constituents in yogurt is 
through lipolysis or oxidation of fatty acids in milk 
fat, while another major pathway is microbiological 
transformations of lactose  by  lactic acid bacteria 
which produce flavor compounds such as lactic 
acid, acetaldehyde, diacetyl, acetoin, and ethanol. 
The main aromatic substances in this kind of 
dairy products are the carbonyl compounds, while 
the typical flavor is assigned to acetaldehyde, 
dyacetil, acetoin (Pourahmad and Assadi, 2005, 
Cheng, 2010). 
Lactic acid is another important compound 
in the aroma and flavor properties of fermented 
dairy products. Lactic acid is a prime source of 
flavor and functionality for many fermented food 
products, and is responsible for the refreshing 
tart flavor of yogurt (Panagiotidis and Tzia, 2001, 
Cheng, 2010).
Esters, which correspond to the acids and 
alcohols present, are also found in the yogurt. Ethyl 
esters, originated from the enzymatic or chemical 
esterification of acids with ethanol (Molimard and 
Spinnler, 1996), possess pleasant sweet and fruity 
notes and contribute to the aroma of cultured 
dairy products. According Cheng, 2010, esters are 
typically found at low concentrations in yogurt 
which has undergone extended storage, results 
which is consisting with our findings (figure 4).
In order to describe the product throughout its 
shelf life, at a temperature of 4-6°C, we performed 
a comparative analysis of the presence of esters, 
flavors and fatty acids on days 1, 7, 14 and 21, 
respectively (Fig. 4).; the levels climb on both day 
7 and 14. Day 21 is characterized by a fall in levels 
for all compounds. 
As seen in figures 2 and 3, the esters levels 
increased in the dairy products, comparing to 
the skimmed milk, from 12 h of inoculation to 14 
days of refrigerated storage. The highest level is 
recorded in the 14th day of storage but very close to 
the 7th day of storage. After 21 days of refrigerated 
storage a decrease of esters levels was recorded. 
The trend of the quantitative levels of the flavours 
was similar to that of the esters. In the case of fatty 
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acids the quantitative decrease was more severe 
in the 21th day of refrigerated storage than in the 
case of esters and aromatic compounds.
CONCLUSION
FTIR spectroscopy provides information 
about the chemical compounds such as: proteins, 
lipids, polysaccharides, flavors, fatty acids. 
In this study, FTIR spectroscopy  was 
employed as an rapid and low-cost technique 
in order to characterize the FTIR spectra and 
identify appropriate spectral regions for dairy 
product fermented by a lactic culture consisting 
by species of Lactococcus lactis and Leuconostoc 
mesenteroides. A second objective was to monitored 
the key chemical compounds (lactose, lactic acid, 
flavors) during fermentation and refrigerated 
storage (1-21 days, at 4-6°C). By FT-IR fingerprint 
during fermentation we identified changes of 
the spectra pattern with specific increasing or 
decreasing peaks for lactose, lactic acid, esters, 
aromatic compounds, aminoacids, fatty acids.
The general spectra of analyzed samples show 
four representative areas: 900-1200 cm-1, 1200-
1500 cm-1, 1500-1800 cm-1 and 2800-3000 cm-1
Dairy products flavor changes continuously 
during manufacturing and storage. The changes 
in concentration of the flavor-related compounds 
during storage are due largely to reactions that 
result in their formation or conversion to other 
compounds by bacterial metabolic enzymes, and 
their losses due to volatilization.
 Knowledge of changes in yogurt composition 
during storage is of great technological relevance, 
and it can help differentiate normal-tasting yogurt 
samples from those containing off-flavors.
In conclusion, FTIR spectroscopy is a very 
useful method for the description of chemical 
compounds. Results are obtained in a short 
timeframe, and the method is more economical, 
because samples do not need to be processed 
before analysis.
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